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Introduction
Prostate cancer is the second most common cancer in men all over the world. In Japan, prostate cancer is the fourth most common cancer in men and the ninth most common cause of death. [1] [2] [3] Since Hodge et al reported the sextant systematic biopsy in 1989, 3 the number of cores has gradually increased to improve the detection rate for prostate cancer. Remzi et al introduced the Vienna nomogram, allocating a number of 6-18 (mean 10) cores based on patients' age and the total prostate volume (PV). They con-submit your manuscript | www.dovepress.com
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hori et al cluded that the cancer detection rate was 36.7% in patients with prostate-specific antigen (PSA) levels of 2-10 ng/mL. Cancer detection was significantly improved (66.4%) compared to the control group, which underwent octant biopsies. 4 PV is one of the risk factors leading to prostate cancer being missed with prostate biopsy owing to sampling errors in the case of a large prostate. Tanaka et al showed that a small prostate is an important factor in prostate cancer detection and therefore focused on PV to decide the number of cores. 5 On the other hand, a systematic review showed that sampling of more than 12 cores was not associated with improved cancer detection rates. 6 Age is also a very important factor in the development of prostate cancer, and PSA values of patients in their 50s could predict significant prostate cancer 20-30 years later. 7 Thus, we introduced the Nara Urological Research and Treatment Group (NURTG) nomogram and revealed that this nomogram, allocating a number of 6-12 cores based on patients' age and total prostate volume, is an acceptable way to detect prostate cancer at initial biopsy. 5 In March 2009, we modified the NURTG nomogram to confirm that increasing the number of cores in patients in their 60s led to an improved cancer detection rate. In the former period (ie, before March 2009) we divided patients into four age groups (≤59, 60-64, 65-69, and ≥70 years), and in the latter period (ie, March 2009 onward) we divided patients into four different age groups (≤69, 70-74, 75-79, and ≥80 years). To evaluate the efficacy of the updated NURTG nomogram allocating 6-12 biopsy cores based on age and PV, we investigated the cancer detection rate comparing the two groups (former group and latter group) and analyzed the predictive factors for prostate cancer.
Material and methods
Patient selection
This prospective study was conducted at Nara Medical University and its two affiliate hospitals (Yamato Takada Municipal Hospital and Hirao Hospital). From April 2006 to July 2014, a total of 1,605 patients who underwent initial prostate biopsy were enrolled. The indication criteria for biopsy were abnormal PSA value, abnormal findings on digital rectal examination (DRE), and abnormal findings by transrectal ultrasound (TRUS).
ethics approval and consent to participate
This study was approved by the institutional review board (IRB) of the Nara Medical University (Medical Ethics Committee ID: NMU-686) and complied with the 1964 Helsinki Declaration and its later amendments. As the data for the study were obtained through retrospective chart review, a waiver of informed consent was approved by the IRB. Personal information linked to research subjects and donors was anonymized (when necessary, the information was labeled with an identifying code to make it possible to distinguish between the individuals). Then, deidentified patient data were analyzed.
nomograms
We adopted the age-specific reference range of PSA as the cut-off value of PSA. 8 The number of allocated biopsy cores was from 6 to 12 depending on the patient's age and PV (NURTG nomogram). We have updated the NURTG nomogram since March 2009. In the former period (from January 2006 to February 2009), we had divided patients into four age groups (≤59, 60-64, 65-69, and ≥70 years), and in the latter period (from March 2009 to July 2014) into four different age groups (≤69, 70-74, 75-79, and ≥80 years). In the former period, 936 patients underwent prostate biopsy; and in the latter period, 669 patients underwent the procedure. Comparison between the two nomograms is shown in Figure 1 . The principal biopsy regime was sextant systematic biopsy under TRUS guidance. Additional cores were located in the far-lateral region (Figure 2 ). Two pathologists (KN and TF), who are both experts in prostate cancer diagnosis, centrally reviewed the Gleason score of all biopsy specimens.
statistical analysis
We evaluated the cancer detection rate of the NURTG nomogram in all patients and patients with a PSA value in 
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hori et al the gray zone (4.0-10 ng/mL). We also compared the cancer detection rates between the two groups and investigated the predictive parameters to detect prostate cancer. The statistical difference between the cancer group and the noncancer group for categorical variables was tested by the chi-squared test, while that for continuous variables was tested by the nonparametric Mann-Whitney test. To elucidate the predictive parameters of cancer detection in the gray zone, logistic regression analysis was carried out. PSA, period of prostate biopsy, DRE, PV, TRUS, prostate-specific antigen density (PSAD), and volume/biopsy ratio (VBR) 9 were analyzed for the predictive parameters. We also evaluated the clinically insignificant cancer detection rate. We defined clinically insignificant prostate cancer as a PSA of ≤10 ng/mL, Gleason score of 3+3, clinical T1c or T2, and positive core number of two or fewer. 10, 11 All statistical analyses were performed using PASW Statistics 17.0 (SPSS Inc., Chicago, IL, USA). All P-values of <0.05 were considered statistically significant.
Results
Patient characteristics
The patient characteristics are shown in Table 1 . The median age and PSA value for all 1,605 patients were 71 years and 7.5 ng/mL, respectively. Of the 1,605 patients, 813 had prostate cancer (51%). In the former group, the median age, PSA
Figure 2
The conventional and additional sites of biopsy cores using transrectal ultrasonography.
Conventional sextant biopsy
Additional sampling sites value, and cancer detection rate were 71 years, 7.1 ng/mL, and 48% (449/936), respectively; and in the latter group, these were 71 years, 8.1 ng/mL, and 54% (364/669), respectively.
cancer detection rate in total patients
The cancer detection rates in the former group, stratified by PSA value from 0 to <4, 4−<10, 10−<20, 20−<30, 30−<40, 40−<50, 50−<100 and ≥100 ng/mL, were 21%, 38%, 58%, 80%, 88%, 100%, 93%, and 100%, respectively. The cancer detection rate gradually increased with increasing PSA value. Similarly, the cancer detection rate in the latter group stratified by the same PSA values was 35%, 41%, 63%, 82%, 87%, 100%, 95%, and 100%, respectively, and the cancer detection rate also gradually increased with increasing PSA value. Table 2 shows the cancer detection rates in patients with each PV stratified by patient age of ≤59, 60-64, 65-69, 70-74, 75-79, and ≥80 years in the former group. With small PV (<25 mL), the cancer detection rate of older patients (≥75 years) was significantly higher compared with that of younger patients (P<0.0001). The cancer detection rates in patients with medium PV (25-50 mL) gradually increased with increase in age and the cancer detection rate in older patients (≥75 years) was significantly higher compared with that in younger patients (P=0.0009). The cancer detection rate in older patients with large PV (>50 mL) was also significantly higher compared with that in younger patients (P<0.0001). Table 3 shows the cancer detection rates in patients with each PV stratified by patient age of ≤59, 60-64, 65-69, 70-74, 75-79, and ≥80 years in the latter group. The cancer detection rates of patients with small PV (<25 mL) were similar at all ages except in the youngest group (≤59 years), and the cancer detection rate of patients with medium PV (25-50 mL) was significantly higher compared with that in younger patients (P<0.0001). The cancer detection rate of older patients with large PV (>50 mL) was significantly higher compared with that of younger patients (P=0.0003).
The cancer detection rate in all patients was significantly higher in the latter group compared with the former group (P=0.011) ( Table 4) . When comparing the NURTG nomograms, the cancer detection rates in patients of 65-69 years and those of ≥80 years in the latter group were significantly higher than those in the former group, respectively (P=0.034, P=0.049). The cancer detection rate in patients with PV of >50 mL in the latter group was also significantly higher than that in the former group (P=0.041). In contrast, in multivariate analysis for predictive factors for cancer detection in all patients, difference between the nomograms was not an independent factor (data not shown).
cancer detection rate in patients with a Psa value in the gray zone
We also evaluated the cancer detection rate in patients with a serum PSA level ranging from 4.0 to 10.0 ng/mL (gray zone). In the former group, the median age and PSA value were 71 years and 5.5 ng/mL, respectively, and the cancer detection rate was 38% (206/548). On the other hand, in the latter group, the median age and PSA value were 69 years and 6.3 ng/mL, respectively, and the cancer detection rate was 41% (149/366). Table 5 shows the cancer detection rates in the PSA gray zone with each PV stratified by patient age of ≤59, 60-64, 65-69, 70-74, 75-79, and ≥80 years for the former group. The cancer detection rate in patients with small (<25 mL) and medium (25-50 mL) PV increased with increasing age, but there were no significant differences between these two groups. The cancer detection rate in older patients (≥75 years) with a large PV (>50 mL) was significantly higher compared with that in younger patients (P=0.017). Table 6 shows the cancer detection rates in the PSA gray zone with each PV in the latter group. The cancer detection rate in patients with medium (25-50 mL) and large (>50 mL) PV increased with increasing age, but there were no significant differences between the two groups.
The cancer detection rate in the PSA gray zone was 38% (206/548) in the former group and 41% (149/366) in the latter group, and there were no significant differences between the two groups (P=0.37). In subgroup analysis, the cancer detection rate in patients of 65-69 years in the latter group was significantly higher than that in the former group. Regarding the predictive parameter of cancer detection in the gray zone, age, DRE, PV, TRUS, and VBR were significant predictors of cancer detection in multivariate analysis (Table 7) .
Insignificant cancer detection rate
With regard to the clinically insignificant cancer detection rate, 66 out of 449 patients (14.7%) in the former group and 26 out of 364 patients (7.1%) in the latter group were diagnosed with clinically insignificant cancer. There was a significant difference between the two groups (P=0.0008) ( Table 8 ).
Discussion
In our previous reports on prostate biopsy, 11, 12 we had adopted six to eight biopsy cores, and the cancer detection rate in all patients and patients in the gray zone provided good results. Tanaka et al indicated a total cancer detection rate and cancer detection rate in the gray zone of 48% and 38%, respectively. 5 In this study, the cancer detection rate in all patients in the two groups was 48% and 54%, respectively. The cancer detection rate of patients in the gray zone in the two groups was 38% and 41%, respectively. Using our nomogram, the cancer detection rate increased to an acceptable percentage.
Hodge et al first reported the usefulness of the systematic sextant biopsy in 1989. 3 Eichler et al reported that an increase in the number of cores was significantly associated with an increased cancer detection rate, but sampling of more than 12 cores did not improve the cancer detection rate. 13 The present
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hori et al study showed that the cancer detection rate was similar to that in previous reports and the cancer detection rate in all patients was significantly higher in the latter group than the former group, especially in patients aged 65-69 years. 4, [14] [15] [16] This may be because the latter nomogram indicated sampling from 12 sites regardless of PV. To detect prostate cancer accurately, we should add some additional sampling to the conventional sextant biopsy method. In patients aged 70-79 years, there were no significant differences in the cancer detection rate between the two groups. This suggests the possibility of decreasing the number of cores in older patients (≥70 years) for the initial biopsy. In patients aged ≥80 years, the cancer detection rate was significantly higher in the latter group compared with the former group. Therefore, a maximum of 10 cores is considered sufficient to diagnose prostate cancer, and it is also possible to reduce the number of cores to fewer than 10. Ung et al reported the relationship between PV and cancer detection rate. They showed a total cancer detection rate of 33%, and patients with a smaller PV had a significantly higher cancer detection rate. 15 Remzi et al reported the Vienna nomogram in 2005, according to which 6-18 cores are sampled based on patient's age and PV, and showed a cancer detection rate of 36% in patients with a PSA value of 2-10 ng/mL. 4 Kawakami et al reported a three-dimensional combination of transrectal and transperineal prostate biopsy. They sampled 26 cores and showed a cancer detection rate of 36%.
14 Our present study showed a cancer detection rate in all patients and in patients in the gray zone of 54% and 41%, respectively, in the latter group. This result is similar to or higher than those of previous reports. In the present study, the cancer detection rate in both groups gradually decreased with an increase in PV. We believe that 12 cores at a maximum may be sufficient as the initial biopsy and recommend a repeated saturation biopsy as a second biopsy if prostate cancer is strongly suspected. 17 We also investigated the predictive factors of prostate cancer detection in the gray zone. We have previously reported predictive factors in the gray zone as age, PV, DRE, and PSA submit your manuscript | www.dovepress.com
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hori et al transition zone density. 12 In our present study, VBR was also one of the predictive factors. Jiang et al first reported VBR to estimate the optimum number of biopsy cores in 2010. VBR was determined by dividing the PV by the number of cores. They showed that a VBR of 2-4 provided a higher cancer detection rate and prevented excessive biopsies in patients with a PSA value of <20 ng/mL. 8 VBR is a useful predictive factor and it is easy to calculate VBR in a busy clinical practice.
The usefulness of magnetic resonance imaging-targeted biopsy (MRI-TBx) has also been reported. Schoots et al reported that there was not a significant difference in the total cancer detection rate between MRI-TBx and transrectal ultrasound-guided biopsy (TRUS-Bx). However, the detection rate of clinically significant prostate cancer was higher with MRI-TBx than with TRUS-Bx, and the detection rate of clinically insignificant prostate cancer was lower with MRI-TBx than with TRUS-Bx. 18 MRI/TRUS fusion prostate biopsy is also performed at some institutions. Okoro et al reported that fusion biopsy was superior to systematic 12-core biopsy for the detection of prostate cancer volume in patients under active surveillance. 19 Baco et al reported that the cancer detection rate using computer-assisted fusion biopsy was 59% and the cancer detection rate using the traditional 12-core biopsy was 54%. There was not a significant difference between the two groups. The clinically significant cancer detection rate by computer-assisted fusion biopsy and traditional 12-core biopsy was 44% and 49%, respectively. 20 In the present study, the detection rate of clinically insignificant cancer using the NURTG nomogram in the former and latter groups was 14.7% and 7.1%, respectively. The reason for this difference is not certain. Although the definition of clinically insignificant cancer was different between the previous studies and our study, our detection rate of clinically significant cancer was acceptable. Vashi et al suggested that in younger men with a higher life expectancy, smaller cancers have to be detected, and hence more cores are needed, while older men may require fewer biopsy cores to avoid oversampling and overtreatment. 21 We designed the number of prostate biopsy cores to avoid the detection of clinically insignificant cancer in elderly men and to definitely detect clinically significant cancer in younger men. We believe that the NURTG nomogram, especially in the latter period, is one way to increase the detection rate of prostate cancer, since it is easily available, even in a busy clinical practice, and decreases the costs for patients. Further improvement is needed to avoid unnecessary sampling and to achieve higher levels of safety and more convenient examinations. This study has some limitations. First, this was a nonrandomized comparative study. Therefore, various kinds of bias may affect the differences in cancer detection and clinically significant cancer detection rates between the two groups. There were significant differences between the two groups at baseline. Second, we compared the two nomograms in two different eras. To reduce era bias, we should compare the two nomograms simultaneously in the same era. However, in multivariate analysis, the modified NURTG nomogram significantly correlated with a better detection rate. Third, in this study, no patient had more than 12 cores taken. Therefore, we do not know whether biopsy sampling of more than 12 cores accurately improves the cancer detection rate. However, previous reports showed that sampling of more than 12 cores did not improve the cancer detection rate, as described earlier in the Discussion section. Fourth, PV should be treated as a continuous variable with nonlinear dependencies, but our nomograms divide PV into three groups and thus we treated it as a categorical variable to make the text consistent and easy to understand. Finally, in the MRI era, conventional systemic biopsy using NURTG nomograms is limited. The number of patients worldwide with suspected prostate cancer is high and thus we imagine that conventional systemic biopsy using our nomogram could be a suitable method in some cases. Decreasing the number of cores may lead to decreases in the development of complications, pain experienced by the patient, and burden on the pathologist. Although the cancer detection rate in our study was acceptable and similar to that in other reports, careful interpretation of the results may be needed.
Conclusion
The NURTG nomogram was applied to obtain a number of 6-12 core prostate specimens according to age and PV, and provided a sufficiently good cancer detection rate, especially with the latter nomogram. Twelve cores as a maximum under TRUS-Bx may be sufficient as an initial biopsy for a prostate cancer diagnosis.
